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Abstract 
Rubber seeds are side products of rubber trees. Rubber seeds contain 40-50% non-edible oil that can be used as industrial 
materials to produce variety of products such as linoleum, lubricant, cutting oil, alkyd resin, biodiesel, etc. To obtain oil from 
rubber seeds, there are two common methods that can be used, i.e. solvent extraction and mechanical pressing. Solvent extraction 
method uses solvent such as hexane to extract oil from rubber seeds. This method gives a higher yield compared to mechanical 
pressing method. However, since solvent is used in this method, it may reduce the quality of the oil. Mechanical pressing method 
gives a lower yield but simpler to do and gives a higher quality of oil. One of mechanical pressing machine usually used is 
hydraulic press. The objective of this research is to study the effects of temperature, pressure, preheating time and pressing time 
on rubber seed oil yield. Rubber seeds that had been cleaned, dehulled, dried, and flaked until the flakes are about 0.5-0.8 mm, 
are preheated at 60-80oC for 45-75 minutes. Then, while the rubber seed flakes get further heated, the flakes are pressed for 30-
90 minutes at 80-120 bar. The effects of temperature, pressure, preheating time, and pressing time on rubber seed oil yield are 
then evaluated using a 24 factorial design with 4 center points. The analysis of variance shows that pressure, pressing time and 
their interaction have significant effects on rubber seed oil yield. From experiment, the best condition that gives the highest 
rubber seed oil yield is at the highest pressure (120 bar) and the longest pressing time (90 minutes) which corresponds to 31.88% 
oil yield. 
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1. Introduction 
According to Forestry Department of FAO, rubber tree (Hevea brasiliensis) plantation area around the world in 
1997 is about 9.6 million ha. The objective of rubber seed cultivation is latex which used as industry main or 
secondary materials for production. Beside latex, rubber trees also produce rubber seeds which are usually wasted. 
Each rubber tree annually produces about 5 kg rubber seeds [1]. Based on estimated average of 1000 kg rubber seeds 
produced per ha annually [2], the rubber seed production worldwide can reach 9.6 million ton rubber seeds every 
year.  
Rubber seed kernels may contain as high as 68.53% oil and fat and 17.41% protein [2]. In general, rubber seed 
kernels contain around 40-50% oil, consisting of 17-22% saturated oil and 17-82% unsaturated oil. Rubber seed oil 
has wide potential application. It can be used in latex industry as foaming agent, in the synthesis of alkyd resin used 
in paints and coatings, in the production of biodiesel, etc. [3]. 
There are two methods commonly used for oil extraction from rubber seeds, which are solvent extraction and 
mechanical pressing. Solvent extraction method is an oil extraction method using solvent such as n-hexane to help 
oil extraction. This method gives a high oil yield from oilseeds. However, the oil extracted using this method has a 
low oil quality since the solvent does not only dissolve the oil from oilseeds, but also dissolve other undesirable 
components from oilseeds. The other method for oil extraction is mechanical pressing method. This method is the 
oldest and the simplest method for oil extraction. Although this method gives a lower oil yield compared to the yield 
obtained from solvent extraction method, the advantage of this method is that it does not use any chemical solvent so 
that the product may have a higher oil quality. Another advantage of mechanical pressing method is the lower cost of 
equipment [4].  
There are several types of machine commonly used in mechanical pressing method, i.e. hydraulic press machine 
and screw press machine. Hydraulic press machine is classified as batch mechanical pressing machine while screw 
press machine is considered as continuous pressing machine [4]. In this research, the rubber seed oil extraction is 
carried out using hydraulic press machine.  
Some variables have been reported to have effects on rubber seed oil yield when extracted using hydraulic press 
machine such as: rubber seed clone type, rubber seed particle size, rubber seed moisture content, pressing 
temperature and pressure [3] as well as preheating time before pressing operation [5]. For Pistacia atlantica seed oil 
extraction using hydraulic press machine, cake thickness and pressing time have been reported to have significant 
effects on Pistacia atlantica seed oil yield [6].  
Based on the previous studies, in this research, the effects of temperature, pressure, preheating time, and pressing 
time on rubber seed oil yield using hydraulic press machine are investigated. Furthermore, the effects of two factor 
interaction between those variables are also examined. The experiment design used in this research is a 24 factorial 
design with 4 center points. 
2. Materials and Methods 
Rubber seeds from Subang, West Java, Indonesia are used for the purpose of this study. Rubber seeds that have 
been cleaned, dehulled, dried, and flaked are preheated and then pressed using hydraulic machine. The hydraulic 
press metallic cylinder is equipped with a heater, a thermocouple, and a temperature controller installed near the 
sample place. The extraction of rubber seed oil using hydraulic press machine is divided into two steps, the 
pretreatment step and the pressing operation step. 
In the pretreatment step, the rubber seeds are cleaned and the kernels are separated manually from the seeds using 
mortar and pestle. The rubber seed kernels are then dried for 12 hours at 70oC [7]. The purpose of the drying process 
is to reduce the cyanide and moisture content in the rubber seed kernels so that the kernels are safe to be placed in 
the storage [7]. The dried kernels are then flaked until the flakes are about 0.5-0.8 mm in size (mesh no.-20+30). The 
smaller the seed particle size, the higher the oil yield can be obtained [5]. The rubber seed flakes are then placed in 
the storage and ready to be used in the pressing operation step. 
The second step is the pressing operation step. The pressing step begins by placing 17 g rubber seed flakes packed 
in cloth into the pressing metallic cylinder. The rubber seed flakes are then preheated inside the metallic cylinder 
using a heater at various temperatures (60, 70 and 80oC) and preheating times (45, 60 and 75 minutes). After that, 
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while the flakes are still heated, the metallic cylinder are pressed using hydraulic press machine at various pressures 
(80, 100 and 120 bar) and pressing times (30, 60 and 90 minutes).  
After the pressing operation, the rubber seed oil is collected and the yield is determined using the ratio between 
the mass of oil extracted and the mass of sample placed inside the metallic cylinder. The effects of temperature, 
pressure, preheating time, pressing time, as well as interaction factors between those variables on the yield of rubber 
seed oil are investigated using a 24 factorial design with 4 center points.  
Table 1. Levels of process variables for rubber seed oil extraction using hydraulic press machine 
Process Variables Low (-1) Center (0) High (+1) 
Temperature (oC) 60 70 80 
Pressure (bar) 80 100 120 
Preheating time (min) 45 60 75 
Pressing time (min) 30 60 90 
The physical and chemical properties of rubber seed oil, such as the density, the viscosity, and the free fatty acid
(FFA) content are determined using the oil sample collected from the experiment at the center point operating 
conditions. The density is determined using pycnometer. The viscosity is determined at 40oC using Ostwald 
viscometer. The free fatty acid (FFA) content is determined by using titration method.  
In the titration method for determining the free fatty acid content in the rubber seed oil, the rubber seed oil is 
dissolved in isopropyl alcohol (IPA) solution and then titrated using KOH solution. Based on the amount of KOH 
solution required to neutralize the rubber seed oil dissolved in IPA solution and the amount of KOH solution 
required to neutralize the IPA blank solution, the FFA content can be calculated as follows: 
%100)(    (%)  FFA ×××−=
w
MWNbvFFA  (1) 
where v is the volume of KOH solution required to neutralizes the rubber seed oil dissolved in IPA solution, b is the 
volume of KOH solution required to neutralized the IPA blank solution, N is the normality of KOH solution, MWFFA
is the average molecular weight of the free fatty acids in the rubber seed oil, and w is the weight of rubber seed oil in 
the titration sample. 
3. Results and Discussion 
The experimental results are presented in Table 2. The lowest rubber seed oil yield is from Run 2, using the 
following operating conditions: temperature = 60oC, pressure = 80 bar, preheating time = 45 min and pressing time = 
30 min, with the oil yield of 19.82%. The highest rubber seed oil yield is from Run 14, using the following operating 
conditions:  temperature = 60oC, pressure = 120 bar, preheating time = 75 min and pressing time = 90 min, with the 
oil yield of 31.88%. From Table 2, it can be seen that the rubber seed oil yields are significantly higher with the 
increase of pressure and pressing time. This indicates that these two factors may have a significant effect on the oil 
yield.  
In order to identify exactly which variables that have significant effects on the rubber seed oil yield in the rubber 
seed oil extraction using hydraulic press machine, the Analysis of Variance (ANOVA) is conducted. The ANOVA 
result is presented in Table 3. 
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               Tabel 2. The experimental results for rubber seed oil extraction using hydraulic press machine 
Std Order Run Temperature (oC) Pressure (bar) Preheating time (min) Pressing time (min) Yield (%) 
1 2 60 80 45 30 19.82 
2 1 80 80 45 30 21.56 
3 11 60 120 45 30 30.47 
4 6 80 120 45 30 30.64 
5 9 60 80 75 30 21.88 
6 15 80 80 75 30 23.94 
7 3 60 120 75 30 30.94 
8 4 80 120 75 30 29.24 
9 7 60 80 45 90 30.59 
10 12 80 80 45 90 31.12 
11 10 60 120 45 90 31.71 
12 16 80 120 45 90 30.82 
13 8 60 80 75 90 29.12 
14 13 80 80 75 90 28.24 
15 14 60 120 75 90 31.88 
16 5 80 120 75 90 31.58 
17 17 70 100 60 60 27.00 
18 18 70 100 60 60 27.33 
19 19 70 100 60 60 29.17 
20 20 70 100 60 60 29.82 
           
              Table 3. Analysis of Variance 
Source Sum of Squares DOF Mean Square F-value p-value  
Model 250.99 15 16.73 8.82 0.0491 Significant 
A-Temperature 0.033 1 0.033 0.018 0.9030  
B-Pressure 105.11 1 105.11 55.38 0.0050 Significant
C-Preheating time 5.06E-04 1 5.03E-04 2.67E-04 0.9880  
D-Pressing time 83.59 1 83.59 44.03 0.0070 Significant 
AB 2.38 1 2.38 1.25 0.3444  
AC 0.35 1 0.35 0.18 0.6962  
AD 0.91 1 0.91 0.48 0.5390  
BC 5.06E-04 1 5.06E-04 2.67E-04 0.9880  
BD 46.14 1 46.14 24.31 0.0160 Significant 
CD 3.00 1 3.00 1.58 0.2976  
ABC 2.26E-03 1 2.26E-03 1.19E-03 0.9747  
ABD 1.26 1 1.26 0.66 0.4749  
ACD 0.033 1 0.033 0.018 0.9030  
BCD 7.09 1 7.09 3.73 0.1488  
ABCD 1.10 1 1.10 0.58 0.5024  
Curvature 9.11-04 1 9.11E-04 4.80E-04 0.9839 Not Significant 
Pure Error 5.69 3 1.90    
Cor Total 256.69 19     
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3.1. Effects of temperature on the rubber seed oil yield
From the ANOVA result, it can be seen that the p-value for Factor A (temperature) is greater than 0.05. This 
indicates that temperature does not affect the oil yield significantly. Figure 1 shows the average oil yield at 60, 70, 
and 80oC respectively. From Figure 1, it can be seen that the average oil yield remains the same at about 28% as the 
temperature increases from 60 to 80oC. This result is slightly different with the result reported in [3], which stated 
that the optimum oil yield was obtained at 70oC. The difference is due to the smaller particle size and the higher 
operating pressure range used in this study. 
3.2. Effects of pressure on the rubber seed oil yield 
The p-value for Factor B (pressure) is less than 0.05. This means the amount of pressure applied in the hydraulic 
pressing process does affect the rubber seed oil yield significantly. Figure 2 shows that the average oil yield 
increases from 26% to 31% as the operating pressure increases from 80 to 120 bar. This result is in close agreement 
with the result in [3], which reported that a higher oil recovery would be obtained at a higher operating pressure. 
3.3. Effects of preheating time on the rubber seed oil yield 
Fig. 1. Effects of temperature on the rubber seed oil yield in the oil extraction process using hydraulic press machine
Fig. 2. Effects of pressure on the rubber seed oil yield in the oil extraction process using hydraulic press machine
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From the ANOVA result, the p-value for Factor C (preheating time) is greater than 0.05. This indicates that 
preheating time does not affect the oil yield significantly. Figure 3 shows that the average rubber seed oil yield 
remains relatively the same at about 28% as the preheating time increase from 45 to 74 minutes. This result is 
slightly different with the result in [5], which stated that the optimum oil yield is achieved at preheating time about 
60 minutes. The difference is due to the fact that in [5], the heating process is carried out only at the beginning 
before the rubber seed sample is mechanically pressed, while in this study, the heating process is carried out at the 
beginning, during the preheating process, as well as during the pressing process. 
3.4. Effects of pressing time on the rubber seed oil yield 
The p-value for Factor D (pressing time) is less than 0.05. This indicates that pressing time significantly affects 
the rubber seed oil yield. From Figure 4, it can be seen that the average oil yield increases from 26% to 31% as the 
pressing time increase from 30 to 90 minutes. This result is in close agreement with the result in [6], which found 
that the oil yield will increase progressively with the increase of pressing time in Pistacia atlantica oil extraction 
using hydraulic press machine. 
Fig. 3. Effects of preheating time on the rubber seed oil yield in the oil extraction process using hydraulic press machine
Fig. 4. Effects of pressing time on the rubber seed oil yield in the oil extraction process using hydraulic press machine
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3.5. Effects of interaction between pressure and pressing time on the rubber seed oil yield 
The two factor interaction BD (interaction between pressure and pressing time) also has a p-value less than 0.05. 
This indicates that the two factor interaction between pressure and pressing time has a significant effect on the 
rubber seed oil yield. Other interaction factors have a p-value greater than 0.05, thus it can be concluded that the 
other interaction factors do not affect the oil yield significantly. Figure 5 shows that a higher oil yield could be 
obtained by using a higher operating pressure or by applying a longer pressing time. Furthermore, the effects of 
increasing operating pressure on the oil yield are more significant at shorter pressing time compared to the longer 
one. 
3.6. Effects of curvature on the rubber seed oil yield 
From the ANOVA result, it is also shown that the curvature in the oil yield response data has a p-value greater 
than 0.05, which indicates that there is no significant curvature in the oil yield response data in the operating 
condition ranges selected in the experiment. This means the operating condition ranges selected in the experiment 
are not in the optimum operating condition ranges. Thus, the oil yield from this research could still be improved 
either by using a higher operating pressure or by applying a longer pressing time. 
From this study, the best operating condition that gives the highest rubber seed oil yield so far is obtained at the 
highest pressure (120 bar) and the longest pressing time (90 minutes) which corresponds to 31.88% oil yield. Since 
temperature and preheating time do not affect the oil yield significantly, it is more economical to use the lowest 
temperature (60oC) and the shortest preheating time (45 min) in the pressing process. 
3.7. The physical and chemical properties of rubber seed oil 
The physical and chemical properties of rubber seed oil extracted at the center point operating conditions are 
determined. The properties include the density, the viscosity, and the free fatty acid (FFA) content. The results are 
presented at Table 4, along with some results obtained from literatures. 
Fig. 5. Effects of interaction between pressure and pressing time on the rubber seed oil yield in the oil extraction process using 
hydraulic press machine
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             Table 4. The physical and chemical properties of rubber seed oil 
 Experiment Yusup and Khan [8]  Melvin Jose, et al [9] 
Density, 25oC (g/cm3) 0.92 0.91 0.91 
Viscosity, 40oC (mm2/s) 39.58 40.7 66.2 
Free Fatty Acid (%) 28.47 22.7 17.08 
The rubber seed oil density from this experiment is relatively the same with the rubber seed oil density reported 
in [8] and [9]. The kinematic viscosity of the oil is relatively the same with [8] but different with [9]. This is mainly 
contributed by the differences in the sources and maybe the clone types of the rubber seeds used in each study. The 
differences may affect the composition of the rubber seed oil as well as the kinematic viscosity of the oil. In general, 
the more saturated the composition of the oil is, the more viscous the oil will be. This result indicates that the rubber 
seed oil in this experiment may have less saturated components in it compared to [9]. The free fatty acid content of 
the rubber seed oil in this experiment is higher than [8] and [9]. This indicates that the rubber seeds used in this 
experiment may have been stored in a long time period before being used. This may cause the oil to be hydrolyzed 
more and as a result increase the free fatty acid content of the oil. 
4. Conclusion 
From this study, it is found that pressure and pressing time affect the rubber seed oil yield significantly. On the 
other hand, temperature and preheating time do not affect the oil yield significantly. The two factor interaction 
between pressure and pressing time affects the oil yield significantly, while other interaction factors do not show a 
significant effect on the oil yield. Using a higher operating pressure and applying a longer pressing time on the 
rubber seed oil extraction process using hydraulic press machine will give a higher oil yield. The effects of 
increasing operating pressure on the oil yield are more significant at shorter pressing time compared to the longer 
one. There is no significant curvature in the oil yield response data in the operating condition ranges selected in the 
experiment. This indicates that the operating condition ranges selected in the experiment are not in the optimum 
operating condition ranges. Thus, the oil yield from this research could still be improved. The best operating 
condition that gives the highest rubber seed oil yield in this study so far is obtained at the highest pressure (120 bar) 
and the longest pressing time (90 minutes) which corresponds to 31.88% oil yield. 
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